With a few exceptions, previous studies have explored masking using either a backward mask or a common onset trailing mask, but not both. In a series of experiments, we demonstrate the use of faces in central visual field as a viable method to study the relationship between these two types of mask schedule. We tested observers in a two alternative forced choice face identification task, where both target and mask comprised synthetic faces, and show that a simple model can successfully predict masking across a variety of masking schedules ranging from a backward mask to a common onset trailing mask and a number of intermediate variations. Our data are well accounted for by a window of sensitivity to mask interference that is centered at around 100 ms.
Introduction
The use of visual masking as a means to study the nature of visual perception has a long and rich history (Breitmeyer & Ogmen, 2006) . By measuring the effect that varying spatiotemporal relationships between target and mask have upon visual processing of the target, valuable insights can be gained about the time course of visual perception (Bacon-Macé, Macé, Fabre-Thorpe, & Thorpe, 2005; Bar et al., 2006; Reeves, 1982) , as well as spatial properties of vision (Ghose, Hermens, & Herzog, 2012; Habak, Wilkinson, & Wilson, 2006) . While masking continues to remain a popular tool in the study of vision (Breitmeyer, 2007) , the general temporal character of the mask has been limited to two broad classes: those involving a briefly flashed (pulsed) mask (e.g. Burr, 1984) and those involving a common onset trailing mask (e.g. Di Lollo, Enns, & Rensink, 2000) . In the former case, the primary temporal property of the mask that is studied is the stimulus onset asynchrony (SOA), where the onset of the mask is varied relative to the onset of the target (although there have been systematic investigations of the effect of changing the duration of target and mask pulses, e.g. Breitmeyer, 1978; Macknik & Livingstone, 1998) . In the latter, the duration of the trailing mask is varied. The use of these classes of mask schedules has also led to the development of unique spatial relationships between target and mask structure. In most modern studies involving a pulsed mask, the contours of the mask and target are closely aligned, while studies involving a trailing mask typically use a sparse mask (Fig. 1) . Furthermore, pulsed contour masks are often studied in central visual field, while sparse masks are usually studied in peripheral visual field.
This packaging of stimulus properties is not accidental. The discovery that a sparse, four dot mask can produce powerful masking supports the idea that the mechanisms of masking here involve interference with feedback from higher to lower areas of visual processing, as it is difficult to account for such masking with local feedforward effects such as lateral inhibition (although see Bridgeman, 2007) . For example, the finding that robust masking can be obtained with non-foveal stimuli using large target-mask separations is difficult to explain with lateral inhibition (e.g. Growney, Weisstein, & Cox, 1977, although see Breitmeyer, Rudd, & Dunn, 1981) . Accordingly, while a contour mask may derive its effectiveness through lateral inhibition and feedback (Enns, 2004) , a sparse mask may be effective through feedback alone. Furthermore, the finding that it was, until recently (Filmer, Mattingley, & Dux, 2015) , challenging to produce masking using a sparse mask with a single target in central visual field means that object substitution/updating studies often use multiple simultaneous targets arranged in the peripheral visual field. However, the fact that a sparse, trailing mask is effective primarily in peripheral visual field does not mean, ipso facto, that the basic properties of object processing are not shared between peripheral and central visual field. Object substitution masking (OSM) is thought to involve the interference of a masking pattern with feedback which, under normal (non masked) viewing, would serve to consolidate the target into conscious visual processing. The fact that OSM is not as effective in central visual field does not mean that feedback is not used to consolidate visual processing in central visual field; rather, this more likely means that these sparse masks are not powerful enough relative to the robust representation of information in central visual field (Enns & Di Lollo, 1997) . Accordingly, the effectiveness of a contour mask in central visual field may be at least partially due to object substitution mechanisms (Enns, 2004) . Notably, a common onset contour mask in central visual field was found to produce powerful masking (Bischof & Di Lollo, 1995) , showing that contour masking can occur without a delayed onset, and recent accounts of metacontrast masking include feedback mechanisms (Breitmeyer, 2007; Silverstein, 2015; .
One approach in exploring the extent to which mechanisms in backward masking and common onset masking overlap is to create a paradigm where the schedules of masking can be arbitrarily varied between the two extremes (pulse and common onset trail), while keeping constant both the spatial relationships between target and mask, and the location of presentation in visual field. In the current study, we use centrally presented synthetic faces (Wilson, Loffler, & Wilkinson, 2002) for both target and mask, and explore the effects of varying mask schedule upon performance in a face identification task. The parametric generation of our faces allows us to titrate the difficulty of each testing condition to avoid ceiling and floor effects (Argyropoulos, Gellatly, Pilling, & Carter, 2013) .
Our particular faces are also interesting in that they contain elements of contour masking, as well as masking by structure (Fig. 2) .
Our study is divided into three sets of experiments. The first set is designed to assess whether our stimuli can produce effective masking using both pulsed and trailing masking schedules, and to probe what effect, if any, briefly interrupting a trailing mask has upon performance. The second set follows up on this in order to determine if and when mask energy, across the duration of a single trial, has an additive effect upon performance. The third experiment follows up on the previous ones and explores the role of transients. Our results demonstrate the effectiveness of using faces in central visual field, both as a pulsed and trailing mask. Our results also suggest that additivity of mask energy across time depends upon the temporal window in question, and we have developed a model that suggests there is a distinct moment in time when the mask can interfere with target processing.
Experiment 1a
In this first experiment, we tested the effectiveness of our stimuli under two masking conditions: as a backward mask, and as a common onset trailing mask (Fig. 3) .
Stimuli
Synthetic faces (Wilson et al., 2002) were used for both target and mask patterns (see Fig. 2 ). The target face was either the mean of a set of 41 male faces, or a face whose distance from the mean was determined by a staircase procedure (two-down-one-up). On each trial, the identity of this latter face was randomly chosen from one of four orthogonal identities. On each run, four new identities were randomly chosen from the set of the 41 faces and then orthogonalized. The mean face was used as the mask, and was 50% larger than the target face. Our stimuli were presented on a VIEWPixx display, which has the advantage of a scanning backlight coupled with a fast pixel response time (black to white rise time = 1 ms, and white to black fall time = 1 ms). The display was set to a refresh rate of 120 Hz (8.3 ms per frame). We took advantage of these properties, and used an interleaved frame approach to present our stimuli. Presenting the target and mask in alternating frames is perceptually equivalent to the two stimuli being presented simultaneously at 60 Hz at half contrast. At a viewing distance of 1.28 m, the screen subtended 23 by 13 degrees of visual angle, horizontally and vertically. The target faces subtended an average of 3.5 by 5.0 degrees, and the mask face subtended 5.25 by 7.5 degrees. The display was calibrated to linear light (gamma = 1), and the mean luminance of the screen, measured with a Konica-Minolta LS-110, was 59.8 cd/m 2 . Fig. 1 . Two broad classes of masking schedules. Left: a pulsed backward contour mask. Right: a sparse four dot common onset trailing mask. Typical masking functions for each are shown at bottom. Fig. 2 . Target and mask stimuli. Left: mean face. Middle: face whose identity differs from the mean by 15%. Right: 15% face is masked by the mean face. In any given trial, the target face would be either the mean face, or one of a number of identities of various strengths. The mask, which was 50% larger than the target face, was always the mean face. Note that the head outlines of the mask and target face serve to function as contour masks, while the features serve as a structure mask. Fig. 3 . General schematic of backward and trailing mask conditions in experiment 1a. The zero SOA condition is also shown.
Procedure
Fig. 4 depicts the trial sequence. A keypress initiated each run. A white fixation cross at the center of a gray background appeared for one second, after which the fixation disappeared for 250 ms, followed by a briefly flashed target face (25 ms). In the backward masking conditions, a briefly flashed mask (25 ms) appeared at one of seven SOAs (0, 58.3, 75, 91.6, 125, 258.3, and 608.3 ms) . In the trailing mask conditions, the mask onset simultaneously with the target onset (common onset), and trailed for one of seven durations that matched the SOA values (except for SOA = 0 ms). For each trial, the location of mask and target were independently spatially jittered by a random amount, up to a maximum of 0.61 degrees in the horizontal and vertical directions. A control condition was included where no mask appeared. After 1250 ms had passed from the beginning of the trial, a response screen displayed two faces (one of which was always the mean), and the observer indicated with a keypress which of the two faces they thought matched the target face (which, on approximately half the trials, was the mean face). A soft tone indicated correct responses during training runs. No feedback was given for experimental runs. Including the mask absent control condition, there were a total of 14 unique conditions: seven SOA, seven trail, and the mask absent condition; as trail duration was calculated from the beginning of mask onset, the 25 ms Trail condition and the SOA 0 ms condition were one and the same condition. We tested four observers, three of whom completed two runs of each condition in random order; the fourth observer was unable to remain available for a complete set of runs, and was only able to complete one run of each condition, with the exception of Trail 608.3 ms, which was run twice. This experiment and all others reported in this paper were conducted in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki), and informed consent was obtained from all observers.
Results
Data from Experiment 1a are shown in Fig. 5 . For the backward masking condition (left), peak masking occured at 58.3 ms. Data for the trailing mask condition are shown on the right. Masking did not appear to change as a function of trail duration, although we did not test at durations shorter than 58.3 ms. In both plots, the dashed line indicates the control condition (no mask), and in both conditions masking elevated thresholds by a factor of about three.
Experiment 1b
To investigate the relationship between the two forms of masking, we tested observers with an interrupted trailing mask. This was done by removing the mask for a brief interval centered around the critical SOA (58.3 ms). If the masking found in the trailing condition was due entirely to the presence of the mask at 58.3 ms (see left panel in Fig. 5 ), then removing it at this time point should eliminate masking. We tested seven observers in four main conditions (Fig. 6) . The first was an uninterrupted trailing condition identical to the 608.3 ms trailing condition in the previous experiment. Two interrupted trailing conditions were also run. The mask was removed for three frames (25 ms) in the first of these, and seven frames (58.3 ms) in the latter. As a control condition, the mask and target onset and offset together (SOA 0). This was chosen to control for the effect of any residual masking due to the overlap between target and mask in the interrupted trailing conditions.
Results
Data from Experiment 1b are shown in Fig. 7 . The most notable finding here is that interrupting the trailing mask at this critical time period has no significant impact on masking. This finding held even when the mask was removed for seven frames (58.3 ms). A repeated measures ANOVA across all four conditions revealed a main effect of masking condition (F(3,18) = 15.463, p < 0.0005). Sidak corrected pairwise comparisons showed differences between the control condition (SOA 0 ms) and both the 25 ms wide gap and full trail (p < 0.005 for both comparisons), and a trend approaching significance between the control and 58.3 ms wide gap conditions (p = 0.055). Importantly, no difference was found between the three trailing conditions (p > 0.9).
Discussion
In our first set of experiments, we aimed to establish the viability of using centrally presented faces in both backward and trailing mask schedules. Our results confirm that these stimuli provide for effective masking, and reproduce patterns of masking found in previous studies of both backward (Burr, 1984) and trailing mask conditions (Di Lollo et al., 2000) . In an attempt to determine whether the effectiveness of the trailing mask was due solely to its presence at the peak SOA (58.3 ms), we tested the effect of introducing a gap in the trail, centered at the peak SOA. We found that a gap as large as 58.3 ms (centered at 58.3 ms) did not reduce masking relative to the uninterrupted trail condition. Our next set of experiments were designed to investigate this finding in more detail.
Experiments 2a-c
The findings from the previous set of experiments suggest that in the particular masking schedules tested, mask energy is not additive. If it were, then masking due to the uninterrupted trail condition should equal the sum of masking in the SOA 58.3 ms condition, and masking in the interrupted trail condition, and our data show otherwise. In order to explore this further, we created a set of conditions ( Fig. 8 ) specifically designed to test additivity across various combinations of mask schedules. As can be seen in this figure, the Gap condition represents the sum, in terms of mask energy across time, of the Early and Late conditions. If mask energy is additive, here, then the reduction in performance in the Early condition plus the reduction in performance in the Late condition should add up to the performance reduction in the Gap condition. The width of the gap in the Gap condition was 58.3 ms, and the width of the initial mask pulse in the Early condition was 50 ms. As a result, the gap was now centered around 75 ms, rather than the 58.3 ms of the previous experiment. We did this to give us more room to work with to the ''left" of this gap.
As we were measuring threshold elevations relative to the baseline condition (SOA 0), we decided to include a brief pulse at the start of the Late condition, matching the pulse in the baseline condition (all the other conditions naturally contained mask energy during those first 16.7 ms). This was done to ensure that in all conditions, any masking that was observed was above and beyond that produced by the mask being displayed at the same time as the target. As such, additivity is being assessed within a window that excludes the first 16.7 ms. We also included an uninterrupted trail condition to test whether a trailing mask would produce masking above that produced by an SOA of 0 ms. For the Full Trail, Gap, and Late conditions, the final mask offset occured at 608.3 ms.
The stimuli and procedure were similar to the previous set of experiments, with a few exceptions. First, instead of adopting a staircase procedure, where the geometric distance between two target faces was gradually reduced as observers responded correctly, we chose, for each observer, a geometric distance that was at an appropriate difficulty level, and measured performance as proportion of correct trials. This choice of difficulty was made during training where each observer completed several Full Trail masking trials at different difficultly levels until one was found where performance was between chance and ceiling. This enabled us to choose a custom difficulty level for each observer, and this level was constant for each observer across all five tested conditions. Nine observers completed these five conditions, and all five conditions were interleaved within each experimental run. Within each run, each condition was presented, in random order, 10 times. Each observer completed eight experimental runs. This meant that for each observer, performance at each condition was based on 80 trials. A second difference was that instead of presenting individual stimuli at alternating frames, we presented them simultaneously within each frame, allowing us to control the presentation of the stimuli with twice the temporal resolution. We reduced the initial target-plus-mask pulse to 16.7 ms (see Fig. 8 ), and ensured that the contrast of all stimuli was kept constant throughout the sequence.
Results
To quantify performance reduction (relative to baseline), threshold elevations in any given condition were calculated as the proportion correct in the baseline condition divided by the proportion correct in the condition of interest. For example, if an observer was correct 60% of the time in a masking condition, and performed at 90% in the baseline condition, the threshold elevation would be 1.5. Additivity was measured by comparing the partial threshold elevations. If mask energy in conditions A and B combine to form condition C, and mask energy is additive, then (TE A À 1) + (TE B À 1) = (TE C À 1), where TE denotes threshold elevation values. The data are shown in Fig. 9 . For the raw proportion correct data for the conditions run in Experiment 2a & 2b, see Fig. 17 in the Appendix.
The masking due to the Early component and the masking due to the Late component combine to form a value that is not statistically different from the Gap condition (t(8) = 0.851, p = 0.419); thus masking appears to be additive here. Our results also demonstrate that masking in the Full Trail condition (white bar, black outline) produced masking beyond that produced in the S0A 0 ms condition: mean threshold elevation for the Full Trail condition was 1.47, which was significantly different from a value of 1.0 (t(8) = 7.624, p < 0.0001). As in Experiment 1, the Gap condition did not significantly differ from the Full Trail condition (t(8) = 1.195, p = 0.266), although the Gap was centered around 75 ms and not 58.3 ms as in the previous experiment.
In the next experiment (2b), we tested additivity in a different set of conditions, shown in Fig. 10 . To test for additivity, we asked whether masking in the Full Trail condition was equal to the combination of masking in the Gap condition plus masking in the Pulse condition (the Gap and Pulse conditions combine to form the Full Trail condition). Threshold elevations for the Gap and Full Trail conditions were used from the previous experiment, however a fresh baseline condition (SOA 0 ms) was included so threshold elevations could be calculated for the new Pulse condition. Data from the same nine observers as Experiment 2a are shown in Fig. 11 . Here, the masking due to the Full Trail is less than the sum of the masking in each of the components (t(8) = 2.513, p < 0.05). In other words, masking here is subadditive.
In addition to the additivity experiments, we were curious to see whether we could obtain masking in excess of that due to a full uninterrupted trail, by repeatedly pulsing the mask throughout the duration of the trial. Our reasoning was that the transients associated with these mask pulses would perhaps provide greater interference with the consolidation of target representations. In Experiment 2c, two observers, one of whom was naive, were tested with eight different pulse frequencies in addition to a full uninterrupted trail (see Fig. 12 ). In all conditions, the mask (whether it was pulsed or uninterrupted) lasted 608.3 ms. Each experimental run contained these nine conditions presented in random order, 10 times each. One observer completed eight runs (total of 80 trials per pulse frequency), and the other completed four runs (40 trials per pulse frequency) due to availability. Data are shown in Fig. 12 . Neither observer showed an increased level of masking, relative to an uninterrupted trail (straight line, open circles), at any of the tested pulse frequencies, suggesting that masking is saturated with the presence of a common onset sustained mask.
Discussion
The finding that mask energy, across time, is additive in some scenarios but not others is intriguing, and to explore this further, we developed a computational model to account for our data. Based on recordings of single cell responses to stationary gratings (Camp, Cheong, Tailby, & Solomon, 2011) , activity in the magnocellular channel is simulated using the following equation, which models the transient and sustained component of neural activity to a stimulus: magnocellular and parvocellular cells, respectively, but rather to the magnocellular response to transient and sustained components of the stimuli.
In our model, masking occurs when the neural activity in magnocellular channels generated by the mask inhibits, or otherwise interferes with, a distinct neural process. This process is modeled as a Gaussian, S(t).
The response to the target is modeled as follows:
where A is a constant, and C Targ is the contrast of the Target stimulus, nominally set to a value of 1.0 here. Masking was modeled by taking the reciprocal of R T , and feeding this value into the following contrast gain function, which used to model the contrast response of cells in primate retina (Kaplan & Shapley, 1986) .
where R max is the maximum response of the function (set to 3.5, see below), C is the reciprocal of R T, C 0.5 is the semi saturation constant, and alpha controls the slope of the function. C 0.5 and alpha were set to values of 0.13, and 1, respectively, which are the values used in their model. Our model contained four free parameters: The amplitude, mean, and standard deviation of S(t), and the constant A (Eq. (2) ). Data from all unique conditions from Experiments 2a & 2b were used to generate the best fitting parameters. In addition, data from three conditions in Experiment 1a were included: the completely unmasked condition, SOA 58.3 ms, and SOA 258.3 ms. As Experiments 1 and 2 used different baselines, all data were scaled such that threshold elevations were measured relative to the completely unmasked condition. As a result, the common onset common offset condition in Experiment 2 now has a threshold elevation of 1.938, and the largest threshold elevation value was 3.2, for the SOA 58.3 ms condition. Given the data across all our experiments, we chose an upper limit of masking at a threshold elevation of 3.5, which accounts for our choice of the R max parameter in Eq. (3). The fitting procedure was a simple minimization of the residual between the predicted and actual threshold elevations, across all nine masking conditions. The results are shown below (Fig. 13) .
Our primary motivation in running Experiments 2a & 2b was to more closely investigate the finding from Experiment 1b that interrupting a trailing mask, during the peak SOA, did not appreciably diminish masking. Our model can account for this finding, as when stimulus energy offsets, for example at the beginning of the brief gap in an interrupted trail condition, there is a lingering neural response that has potential to interfere with S(t), even though the mask stimulus is physically absent (see Fig. 13, top left) . The reason that masking in the Gap and Pulse conditions didn't combine additively to resemble masking found in the Full Trail condition (Fig. 11 ) is that our model has an upper limit to masking.
In our model, we did not make explicit what S(t) represents, other than the idea that it is crucial for the conscious perception of the target. One possible interpretation is that it represents reentrant parvocellular activity of the target, which is susceptible to inhibition by mask modulated magnocellular activity (Breitmeyer, 2007) . While the temporal location of S(t) is consistent with a feedback interpretation (Fahrenfort, Scholte, & Lamme, 2007) , our data alone cannot distinguish whether S(t) represents feedback, feedforward, or some combination of the two.
Established models of metacontrast masking (e.g. see Breitmeyer, 2007) purport two distinct mechanisms of masking: intrachannel inhibition, where the parvocellular response of the mask inhibits the parvocellular response of the target, and interchannel inhibition, where the magnocellular response of the mask inhibits the parvocellular response of the target. We initially modeled parvocellular activity of both the target and the mask, and included intrachannel inhibition as a contributor to masking; however, the output of our model rendered the intrachannel component of masking virtually irrelevant, as it contributed to about a thousandth of the total masking. For this reason, we decided to only include the interference of the magnocellular component of the mask with S(t). The contribution of two distinct masking components, each subserved by channels with different contrast gain functions, elegantly explains the shift from Type B to Type A backward masking functions as the ratio of mask to target energy increases (Breitmeyer, 1978) . When the strength of the mask increases relative to that of the target, the intrachannel component of masking becomes proportionally larger, relative to the interchannel component, and the particular way in which backward masking functions transition from Type B to Type A can be neatly accounted for by the particular contrast gain functions of magnocellular and parvocellular cells. While our model doesn't include these two components, it nevertheless can model a similar transition (Fig. 14) . In our case, however, the shift can be accounted for by the explicit inclusion of an upper limit on masking, rather than a shift from interchannel to intrachannel inhibition.
Our finding in Experiment 2c suggests that it is unlikely that mask transients introduced after the initial common onset pulse can increase the amount of masking compared to that obtained with a full uninterrupted trail. A point worth noting, however, is that the higher frequency masking pulses may have been too rapid to be individually encoded by the magnocellular pathway (Poggel, Treutwein, Calmanti, & Strasburger, 2006) . Coupled with the fact that only two observers ran this experiment, the results of Transition from Type B to Type A backward masking. Shown here are backward masking curves, across different 10 different mask contrasts, ranging from 0.1 to 4.6. As mask energy increases, the peak of the function becomes less pronounced, as masking at lower SOAs increases relative to that at higher SOAs. Experiment 2c do not definitively clarify the potential role of transients subsequent to the initial mask onset. To test this further, we ran a final experiment that explored how introducing luminance transients on top of a trailing mask would affect masking.
Experiment 3
One of the key findings from the previous experiments is that introducing a gap in a trailing mask does not reduce masking, even though this gap is centered around the SOA at which peak masking occurs in a backward masking condition. This suggests that the presence of the mask at this time period is sufficient but not necessary for strong masking. However, as was suggested by an anonymous referee, it is possible that the removal of the mask during this period does indeed reduce masking, but that the onset transient involved with the reintroduction of the mask at the end of this gap produces its own masking, and together, these effects cancel out. To further explore the role of transients, we ran five observers in a new set of conditions, which introduced transients during the peak SOA, during a 33.3 ms window (Fig. 15) . In addition to the Full Trail and Gap conditions, we added a third condition (1 Pulse), where the mask doubled in contrast during the 33.3 ms window. If this condition produced masking above and beyond the Full Trail condition, then this would be compatible with the idea that transients can have an effect within a common onset masking context. Our model would also predict an increase in masking under this condition (up to a point, due to the saturation limit in our model), simply by virtue of there being extra masking energy to interfere during the window of sensitivity. On the other hand, if no additional masking occurs, this would suggest that (later) transients do not play a role in a common onset context (e.g. due to the common onset mask transient saturating the magnocellular pathway at start of trial). A fourth condition was also included (2 Pulse) where two double contrast mask transients were pulsed for the first and last 8.3 ms of the 33.3 ms window, with zero mask energy between them. If mask energy alone is what matters, then this condition should produce masking equivalent to the Full Trail condition, as the product of luminance and time is equivalent for these conditions. The stimuli and methods were similar to Experiment 2, with two main exceptions. In the previous experiment, while the difficulty level (expressed as the percent difference in geometry between the two possible target faces) remained the same within each observer's set of runs, the particular identity of the nonmean face changed from trial to trial, and block to block. To reduce the variability in performance associated with different identities, a single identity was used throughout Experiment 3, across all observers. The second change was that a preliminary set of backward masking trials were run on each observer to assess their peak SOA. Four SOAs were tested: 0, 58.3, 75, and 250 ms. The results from these trials were used in the main experiment, so that each observer had the gap or transient centered on their own individual peak SOA (either 58.3 ms or 75 ms). A sixth observer showed a type A masking function, with the strongest masking occurring at an SOA of 0 ms, and was excluded from the main experiment. For each condition, including each of the SOA values, observers ran a minimum of 90 trials.
Results
Data are shown in Fig. 16 . A repeated measures ANOVA showed a significant main effect of (common onset) masking condition (F (3,12) = 6.671, p < 0.01). Follow up planned comparisons showed a significant difference between The Full Trail and the 1 Pulse conditions (t(4) = 2.951, p < 0.05), no difference between the 1 Pulse and 2 Pulse conditions (t(4) = 1.920, p = 0.127), and a trend towards significance in the difference between the Full Trail and 2 Pulse conditions (t(4) = 2.153, p = 0.098).
Discussion
In the current experiment, we have shown that a luminance transient on top of the trailing mask is able to further drive masking. While this result does not answer the deeper question of whether it is the transient itself or the stimulus mask energy during that period that is responsible for masking, it does suggest that masking with a full trail does not, in fact, represent a saturation of masking (at least with the mask and target contrasts used in our experiments).
The finding that the 1 Pulse and 2 Pulse conditions did not differ significantly from each other suggests that the mask energy of the physical stimulus alone does not account for masking strength. Both these conditions had transients that occured around the peak SOA, yet the difference in mask energy was identical to the difference between the Full Trail and 1 Pulse conditions. If stimulus mask energy during the critical SOA is the only thing that drives masking, then one would expect the 1 Pulse condition to exhibit significantly more masking than the 2 Pulse condition. Our model, however, predicts very little difference between these conditions, as it is not the mask energy of the stimulus that drives masking, but the energy of the representation, which incorporates a decay.
While the results from Experiment 3 do not fully clarify the role of transients, they do show that our Full Trail condition does not saturate potential masking. The pattern of results we found is also qualitatively consistent with our model.
General discussion
Our study demonstrates the use of faces in central visual field as a viable tool for studying masking. Using a backward mask, we Fig. 15 . Conditions for Experiment 3. In the Pulse conditions, the mask briefly doubles in contrast relative to the rest of the mask trail. Fig. 16 . Data from Experiment 3. The bar graph shows the means of the five observers who ran in the common onset conditions. obtained peak masking at a non zero SOA (type B masking). Using a trailing mask, we obtained masking greater than that with a common onset common offset mask (SOA 0 ms), demonstrating that the trailing portion of the mask was responsible for this effect. Our model, which was based on data from common onset masking with various portions of the trailing mask removed, as well as from backward making data, suggests that there is a specific period during the time course of visual processing, when the presence of a mask can exert itself. Our model also provides a framework within which backward and common onset masking operate through the same mechanisms.
There are, however, some important limitations to this model. For one, our model does not take into account offset transients, which have been shown to be associated with threshold elevations, at least in the context of masking by light (Crawford, 1947) . The account given by Macknik and Livingstone (1998) , who used bars as targets and mask, suggests that the disinhibitory rebound associated with a sharp luminance decrement of the mask (offset transient) is responsible for inhibiting the target. As our model does not take offset transients into account, it could be underestimating the masking effect of the offset transients introduced when a trail is interrupted. However, data from Experiment 2c shows that a series of pulsed masks (which introduced multiple transients) showed no increase in masking compared to an uninterrupted trail, a finding that held across a wide range of pulse frequencies. Nevertheless, it would be interesting to follow up this work to explore the potential role of transients in our paradigm (e.g. Sackur, 2011; Tapia, Breitmeyer, & Jacob, 2011) .
Our model also predicts that backward masking will peak at an SOA of around 100 ms, whereas our data suggest a peak quite a bit earlier (our baseline SOA runs in Experiment 3 showed a peak SOA of 58.3 ms for a few participants). This discrepancy could be due to any number of the following reasons. First, our model was based on data from methodologically different experiments. While the common onset data was derived from the same observers, using the same method of calculating threshold elevations, the backward masking data in Experiment 1 was derived from a different set of observers, using a different method of calculating threshold elevations. Indeed, when combining the two data sets into a unified set of elevation thresholds, the peak SOA conditions from Experiment 1 showed slightly greater masking than the Full Trail condition from Experiment 2, while within Experiment 1, the peak SOA thresholds and Full Trail thresholds were virtually identical. Second, our model is a rather simple one, in that it posits a single integration across the entire trail duration, while in reality, there may be a number of distinct mechanisms each of which has its own integration window (see Breitmeyer and Ogmen (2006) , p. 50). Third, our model only takes into account the magnocellular response of the mask, and does not model the influence of mask modulated parvocellular activity upon target visibility. It should also be noted that our model predicts unusually sharp backward masking functions (see Fig. 14) , which is due to the narrow width of S(t).
Another important issue is that it is challenging to determine whether the increased masking found with a common onset trailing mask, relative to a common onset common offset mask, is due to the trailing portion's ability to interfere with target processing for an extended period of time, or whether it is simply due to the extended trail being temporally integrated into a (perceptually) higher contrast mask. In other words, increasing mask duration may be equivalent to simply using a higher contrast mask that offsets with the target offset, within a limited integration window (Bloch's Law). Increasing mask contrast relative to that of the target, while keeping mask and target durations fixed, has been shown to increase masking at an SOA of 0 ms (Stewart & Purcell, 1974; Weisstein, 1972) . Similarly, increasing mask duration, while keeping mask and target contrast fixed, also results in increased masking at an SOA of 0 ms (Breitmeyer, 1978) . Thus, it is difficult to say whether the increased masking we found with a common onset trailing mask is due to stronger sustained-on-sustained inhibition, or whether it is due to the trailing mask having more time to interfere with target processing (our model only takes into account the latter possibility). Indeed, this same question could be asked of the results of Bischof and Di Lollo (1995) study, which showed an increase in masking in central visual field as a function of mask duration. There is, however, some interesting data that suggest that the duration of a centrally presented contour mask is capable of driving masking independently of its (luminance x time) energy. Di Lollo, von Mühlenen, Enns, and Bridgeman (2004) showed that while masking remained fairly constant across brightness matched targets of varying durations (increasing target duration or increasing target luminance reduced masking substantially), the same was not true when it came to mask energy. That is, increasing the duration of a brightness matched mask produced a very similar masking function to that when the mask duration was increased with a fixed luminance, suggesting that mask duration is capable of driving masking. While this wasn't common onset masking, the mask manipulations were done with a target duration of 10 ms, and an ISI of 0 ms, which is very close to a common onset paradigm. It should be noted, however, that in this study, the mask was a contour mask, whereas in our experiments, the mask was a full face. Because there is more contour overlap with the target in a full face mask, there may be a larger component of intrachannel sustained masking, or masking due to integration (luminance channels of the mask and target being shared due to spatial overlap), relative to a simple contour mask. As such, mask energy (luminance Â time) may have a larger role to play with our stimuli. One way to further address this issue would be to more rigorously sample masking as a function of mask duration with different types of masking stimuli, as we are currently investigating in our lab.
Our framework in exploring these various masking schedules shares similarities with the object substitution/updating framework, in that our model presupposes a scenario where the target representation is vulnerable to interference over a given period of time, and that this scenario can account for masking under a variety of temporal schedules. It is not clear, however, that sparse masks in peripheral visual field operate through a completely overlapping set of mechanisms as metacontrast masks in central visual field. For example, suppressing the magnocellular pathway by presenting stimuli on a red background attenuates metacontrast masking (Breitmeyer & Williams, 1990; Edwards, Hogben, Clark, & Pratt, 1996) , while saturating the magnocellular pathway with a pulsed luminance pedestal has been shown to increase object substitution masking (Goodhew, Boal, & Edwards, 2014) . This dissociation points to distinct masking mechanisms in metacontrast and object substitution. It should be pointed out, however, that in the latter study, the reduction in masking was measured as the performance change between baseline (a common onset common offset mask) and a common onset trailing mask that lasted 160 ms. If, as the authors argue, OSM reflects a failure of the visual system to temporally segment objects, then reducing the system's ability to temporally segment these objects (by pulsing a luminance pedestal) should result in a decreased performance in the trailing mask condition. In fact, in Experiment 2 of their study, there was no significant difference between the pulsed and steady pedestal conditions for either the baseline or the trailing condition. Rather, only an interaction was found to be significant. Moreover, inspection of their data suggests that the bulk of this effect was due to the baseline condition being easier in the pulsed pedestal condition, while the trailing condition showed hardly any difference between the pulsed and steady pedestal conditions (Fig. 4 of their study) . Thus, it is not clear that their manipulation actually increased masking via their proposed mechanism.
A second way in which metacontrast masking can be compared to OSM (or, rather, to common onset four dot masking) is by how each is modulated by attention. There is evidence that metacontrast masking can be modulated by attention (Boyer & Ro, 2007; Ramachandran & Cobb, 1995) . On the other hand, the role of attention in four dot masking is less clear. A recent series of studies have investigated whether set size interacts with the magnitude of OSM (Argyropoulos et al., 2013; Camp, Pilling, Argyropoulos, & Gellatly, 2015; Filmer, Mattingley, & Dux, 2014) . If, as originally claimed by Di Lollo et al. (2000) , larger set sizes result in increased masking, then this would suggest that attention modulates masking, as larger set sizes presumably reduce the amount of attention that can be allocated to the target, and/or the time it takes for the target to be attended to. The most recent of these studies (Camp et al.) provides convincing data that this interaction exists, however their Experiment 4 elegantly dissociates set size from crowding (which was previously confounded), and makes a strong case that it is in fact crowding that interacts with making, rather than set size per se. Crowding, however, is not essential for OSM. A recent study demonstrated common onset masking with a four dot mask in central visual field by degrading the target representation with a forward noise mask (Filmer et al., 2015) , a finding that we have recently replicated in our own lab (Daar & Wilson, 2015) .
Another set of experiments investigated whether spatially precuing the target location would reduce OSM (Pilling, Gellatly, Argyropoulos, & Skarratt, 2014) . The bulk of their data revealed that spatial precuing did not increase OSM. That is, while the manipulation did improve performance, it did so equally across all mask durations. Taken together, these studies yield important insights into OSM. Perhaps most important is the finding that some manipulations can degrade overall performance (but without increasing masking), while other manipulations selectively degrade performance at higher mask durations. It may be the case that there is a threshold for the quality of a target representation (relative to that of the mask), at which OSM occurs, whereas if the target is able to survive the iterative process of re-entrant processing, its perceptibility is modulated depending upon the conditions of any given trial. Thus, if the target representation is degraded, but the threshold is not attained, one would expect an overall performance reduction without an increase in masking, whereas if the threshold is met, the target simply never enters into awareness, degraded or otherwise. Another possibility is that there are certain types of stimulus manipulation that, by their very nature, do not selectively degrade performance at higher mask durations -in other words, these manipulations do not interact with mask duration. For example, pilot work from our lab suggests that, when trying to obtain four dot masking in central visual field, it is possible to have a baseline performance (SOA 0 ms) below ceiling by reducing target contrast, yet to observe no reduction in performance with longer mask durations. However, when a forward noise mask is introduced, as in Filmer et al. (2015) , reliable masking occurs. If these data bear out, then this would suggest that the difference in the quality of a noise masked target, compared to a low contrast target, is relevant insofar as OSM is concerned. Further work in both metacontrast and common onset masking will be needed to clarify these possibilities. The paradigms employed in Kahan and Enns (2010) , and Harrison, Rajsic, and Wilson (2015) may prove especially useful here.
Mask preview (Lim & Chua, 2008; Tata & Giaschi, 2004 ) offers other intriguing insights into the role of attention in OSM. Tata & Giaschi found that when the masks were previewed for a brief period, OSM was virtually abolished (this could not be attributed to inadvertently cuing the target location, as all masks in the array were previewed). This result is neatly accounted for as follows: previewing the mask means that the visual system has taken care of attending to the mask in advance of the common onset phase, thus allowing the target to be attended without competition from the mask. In a fascinating follow up to this work, Lim & Chua discovered that this mask preview effect could be eliminated if the previewed mask and the following mask were displayed in such a way that the visual system was likely to treat them as distinct objects. Thus, it appears that attention plays a significant role in OSM, and that it likely operates largely on an object level representation. Our model is thus limited in two ways here. First, it does not say anything about object continuity of the stimuli, and can therefore not predict what happens under manipulations which, for example, either preserve or abolish the continuity of a mask across the trial (e.g. Lleras & Moore, 2003) . Second, the model is not able to predict what happens under the conditions of mask preview. To incorporate mask preview, a term could be introduced that scales the response of the mask, M(t), such that in the extreme, a perfectly effective mask preview will abolish masking by reducing M(t) to 0. In order to model this, data would be needed to see what sort of scaling function is appropriate, or whether indeed the phenomenon is best described dichotomously.
In our study, we used faces in a two alternative forced choice task, whereas many other studies use more basic stimuli (e.g. a Landolt C) where the task is to determine where the gap is, rather than to choose from alternatives that are explicitly presented at the end of each trial (although one could conceivably present the alternative Landolt stimuli at the end of such a trial). The use of different target and mask stimuli has been shown to have a substantial effect on the shape of backward masking functions (Francis & Cho, 2008) , so our particular results may not be fully generalizable to other combinations of stimuli, as discussed above. The use of different task parameters and different criterion contents has also been shown to have an impact on masking functions (Breitmeyer & Ogmen, 2006) , and it is possible that the complexity of our stimuli could have resulted in different strategies between and within observers. For example, using figural properties of the features as a basis of discrimination may produce different functions than using the contours of the head outline (when questioned, all of our observers reported that the head outline of the target was the most reliable cue for discrimination). While our face stimuli did produce powerful masking in central visual field, and have been used by our lab previously to study backward masking (Loffler, Gordon, Wilkinson, Goren, & Wilson, 2005) , it would be useful to compare these results to more basic, and commonly used stimuli.
Our current study does not prove that the common onset masking we obtained was due to object substitution mechanisms, and we do not claim that our model captures the full complexity and array of mechanisms involved in masking. It does, however, provide new data that can be directly assessed in the light of various models and masking mechanisms, while introducing some novel forms of mask presentation. Future experiments that build upon these ideas may be able to further unravel the relationships between backward and common onset masking.
